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Purpose: The purposes of this study were first to assess the vitamin D status and 
bone mineral density (BMD) in male and triathletes (N=15), female triathletes (N=13), 
and non-athletes (N=14), and to determine if circulating vitamin D was correlated with 
body composition, BMD, dietary calcium and vitamin D intake in triathletes.  The second 
purpose was to determine if triathletes have a different level of serum vitamin D, body 
composition, BMD, dietary calcium and vitamin D intake then non-athletes. The third 
purpose was to determine if BMD was correlated with body composition (body mass, 
percent body fat, BMI) in triathletes. 
Methods: 25(OH)D vitamin concentrations were measured in 38 triathletes (15 
male/13 female) and 14 non-athletes (male/female). Dietary intake of vitamin D and 
calcium was assessed via questionnaire, and Dual Energy X-ray Absorptiometry (DEXA) 
measured body composition and bone mineral density of the dual femur, and lumbar 
spine. Blood samples were collected via finger lancet extracting 600 µL of blood and 
25(OH)D was determined using a commercially available ELISA kit. Using SPSS, the 
data were analyzed using Pearson’s r and one-way ANOVA.   
Results: Sufficient 25(OH)D concentrations were found in both the triathletes and 
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non-athletes and averaged 62.8 + 23.9, 67.5 + 14.3, 64.7 + 25.3 ng/mL (mean + SD) in 
female triathletes, male triathletes, and non-athletes respectively. Vitamin D status was 
not correlated (p > 0.05) with total body bone density (r  = - 0.019) or bone density in the 
lumbar spine (r  = 0.101), dual femur (r  = -0.042), or ward’s triangle (r = 0.097). An 
inverse relationship between 25(OH)D concentration and body fat was found to be 
significant in the male triathlete group (r = -0.730, p = 0.002) and in the control group (r 
= -0.573, P = 0.032). Body mass was significantly correlated with bone density in the 
lumbar spine (r  = 0.338, p  = 0.027) and wards triangle (r = 0.366, p = 0.016). When 
correlations were adjusted between subject groups, the relation between body mass and 
bone mineral density (r = 0.685, p = 0.007), duel femur (r = 0.653, p = 0.011), lumbar 
spine (r = 0.718, p = 0.004), and wards triangle (r = 0.617, p = 0.029) were significant in 
the control group. 
Conclusion: The current study demonstrates that healthy triathletes and non-
athletes can achieve adequate to optimal 25(OH)D concentration through routine sun 
exposure and dietary sources. Maintaining a healthy weight, particularly with a lower 
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Vitamin D is known for playing an important role in calcium regulation and bone health 
(1). Emerging evidence suggests that vitamin D also plays important roles in immunity, 
inflammatory modulation, skeletal muscle function, blood pressure, and glucose control.  
Vitamin D Synthesis and Sources 
Vitamin D is a fat-soluble vitamin synthesized in the skin by the action of 
ultraviolet-B irradiance (wavelength 290-315 nm) on 7-dehydrocholesterol in the 
epidermis and dermis layers of the skin, converting it to pre-vitamin D3, which then 
rapidly converts into vitamin D3 (1). Ultraviolet radiation from the sun is the chief source 
of vitamin D in humans, although skin synthesis is limited by numerous factors, 
including pigmentation, time of day, season of the year, latitude, age, and percentage of 
the skin surface area available for exposure. In addition to cutaneous synthesis, vitamin D 
can be obtained from dietary sources in the form of vitamin D3 (cholecalciferol) or 
occasionally as vitamin D2 (ergocalciferol), yet quantities from these sources are thought 
to be insufficient to achieving optimal serum vitamin D concentrations (2). The richest 
natural sources of dietary vitamin D3 are found in wild-caught fatty fish and fortified 
food products such as ready-to-eat breakfast cereals and milk. Vitamin D2 is found in 
fungi and mushrooms irradiated with UVB as well as fortified food products (3). 
Although vitamin D2 is metabolized the same as vitamin D3 in the body, vitamin D3 is 
considered a more favorable source of vitamin D, since it has a stronger affinity for 
vitamin D-binding protein and is two-thirds more effective in raising and maintaining 
adequate serum vitamin D concentrations (4,5). Oral supplementation of vitamin D3 can 
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also be taken that generally comes from ultraviolet-B irradiated sheep’s wool lanolin or 
fish oil (3).  
Figure 1: Selected Food Sources of Vitamin D 
 
* NIH Office of Dietary Supplements, 2011 
Measuring Vitamin D Status  
From a clinical standpoint, serum concentrations of the intermediate form of 
vitamin D [(25(OH)D] are used to measure ones vitamin D status, as it is thought to 
provide a more meaningful measurement. In its native form vitamin D is not biologically 
active, the active form being 1,25(OH)2D. Twenty-five(OH)D is the major form of 
vitamin D that circulates in the blood stream and has a half-life of ~3 weeks, whereas 1, 
25(OH)2D has a half-life ~ 4 hours. This longer half-life of 25(OH)D is able to provide a 
more accurate indication of ones vitamin D stores in the body (6). Additionally, 
parathyroid hormone secretion is increased when an individual is deficient in vitamin D. 
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The increase in parathyroid hormone secretion signals the kidneys to increase the 
production of 1, 25(OH)2D, which would make measuring serum 1, 25(OH)2D slightly 
misleading. In this case, concentrations may appear to be normal or even above-normal, 
although the individual may in fact be deficient (7-9). For these reasons, throughout the 
rest of my manuscript I will be referring to the intermediate form of vitamin D, 25(OH)D, 
when referencing vitamin D measured in research (Table 1). 
Table 1: Forms of Vitamin D 
Forms Abbreviations Description 






An intermediate in the production of 
vitamin D3; converted from 7-
dehydrocholesterol in response to 
ultraviolet-B irradiance (wavelength 290-
315 nm) 
Vitamin D3  
 
- The primary form of vitamin D; converted 
from previtamin D3; dietary and 
supplemental sources are animal-derived  
Vitamin D2  
 
- Dietary and supplemental sources are 
plant-derived  




The intermediate form of vitamin D; 
hydroxylated in the liver; used as the 
clinical measure of vitamin D status due to 
its relatively long serum half-life (~3 
weeks) 
1,25-dihydroxyvitamin D  
 
1,25(OH)2D  The physiologically active form of 
vitamin D; hydroxylated in the kidney and 
other organs; has a short serum-half life 
(~4 hours); binds to vitamin D binding 
protein and activates vitamin D receptors 
 
Vitamin D Deficiency in the General Population  
Numerous studies have recently reported a high prevalence of vitamin D 
deficiency (serum 25(OH)D concentrations < 20 ng/mL) or insufficiency (serum 
25(OH)D concentrations = 21-29 ng/mL) for all age groups worldwide (1). Deficiency is 
a level just adequate enough to prevent osteomalacia or rickets (10), while insufficiency 
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is associated with numerous outcomes that are correlated to long-term disease and/or 
dysfunction (11,12). There is convincing support for the notion that current dietary 
recommendations are too low and need to be adjusted as higher vitamin D status is 
associated with multiple positive health outcomes (13).  As such, several experts advise 
that optimal levels of 25(OH)D be closer to or above 40 ng/mL (14,15). 
Osteoporosis and Factors Affecting Bone Health 
Osteoporosis is a disease characterized by an age-related bone demineralization 
causing structural weakening and a higher susceptibility to fractures. Osteoporosis is 
reported to affect about 44 million adults, of whom 80% are women (16). There is no 
cure for osteoporosis, hence there is an emphasis on maximizing peak bone mass during 
the formative years.  
Factors important for bone formation are weight-bearing exercise, calcium intake, 
vitamin D synthesis/intake, and estrogen levels. Weight-bearing exercise has been shown 
to increase bone mineral density (BMD) and lean body mass in athletes, which may help 
to prevent osteoporosis later in life. Exercise type (i.e., high-impact versus 
low/nonimpact) appears to influence the osteogenic response. High-impact weight-
bearing activities, such as running, powerlifting, and volleyball are associated with higher 
BMD, whereas low/non–weight-bearing sports, such as cycling and swimming have a 
neutral or negative relationship (17). Low BMD increases the risk of stress and fragility 
fractures, both while an athlete is actively competing and later in life. In addition to 
weight bearing activity, adequate intakes of calcium and vitamin D are essential to 
building and maintaining stronger, denser bones. 
Calcium and phosphorus metabolism is conceivably the most commonly known 
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function of vitamin D. Vitamin D facilitates the intestinal absorption of calcium by 
mediating active calcium transport across the intestinal mucosa. By increasing intestinal 
calcium absorption to maintain adequate serum calcium concentrations, vitamin D is 
essential for optimal bone health and preventing bone disorders such as rickets, 
osteoporosis and stress-related fractures (18). Also, as previously mentioned, sources of 
vitamin D include fortified foods and sun exposure; thus, athletes engaged in indoor 
activities may be at a relatively higher risk of vitamin D insufficiency when compared to 
athletes who train outdoors.  
Vitamin D and Body Composition 
Several studies have shown an inverse relationship between body mass index 
(BMI)/body weight and 25(OH)D (19-22) and body composition and 25(OH)D (23-25). 
The latter studies suggest that the level of adiposity, and not simply body weight or BMI 
is inversely associated with serum 25-OH-D.  
Vitamin D Role in Skeletal Muscle Tissue and Function  
Clinical studies have indicated that vitamin D status is positively related to muscle 
strength and physical performance and inversely associated with the risk of falling due to 
muscle pain and weakness (26).  Vitamin D supplementation has been shown to improve 
tests of muscle function, reduce falls, and possibly impact muscle fiber composition and 
morphology in vitamin D deficient older adults. Two vitamin D receptors have been 
identified in muscle tissue—one acting as a nuclear receptor (genometric effect) and the 
other located at the cell membrane (non-genometric effect). Identification of these two 
vitamin D receptors located on the muscle implies that muscle reacts to the 
physiologically active form of vitamin D and may help to explain the effects of vitamin D 
	  	  
6	  	  
on skeletal muscle function (27). Despite the vast advances in recent years, further 
research is needed to fully characterize the exact primary mechanisms of vitamin D 
action on muscle tissue and to understand how these cellular changes translate into 
clinical improvements in physical performance. 
The Role of Vitamin D in Chronic Disease Prevention, Immunity and Inflammation  
Over the past few years, additional health-related benefits of vitamin D have been 
revealed, identifying vitamin D receptors in nearly every tissue and cell in the human 
body including the bone, heart, intestine, brain, and immune cells (18). These findings 
have led to emerging evidence that vitamin D may be associated with the prevention of 
non-skeletal, autoimmune and chronic diseases such as hypertension, diabetes, 
cardiovascular disease, inflammatory bowel disease, various forms of cancer, rheumatoid 
arthritis, and may also influence immune function and inflammatory responses (28). 
Vitamin D Status Among Endurance Athletes: The Potential Impact of Vitamin D 
Status on Performance and Overall Health in Athletes  
While less is known about vitamin D status and athletes, low vitamin D status in 
this population is a legitimate concern. Vitamin D has the potential to influence physical 
and athletic performance given its role in bone health and its association with chronic 
disease reduction, immunity, inflammation, and muscle function (29). Endurance 
athletes, such as triathletes experience an array of excess environmental conditions and 
physiological demands when compared to those who participate in individual sport 
events of comparable duration. Triathletes engage in both high-impact weight-bearing 
exercises (running) and low-impact non–weight-bearing exercises (cycling and 
swimming). Additionally, a majority of their training is done outdoors, exposing them to 
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sunlight for extended periods of time throughout the day. With the amount of training and 
physical demand put on their body daily they are more prone to injury. As an 
understudied population, triathletes could benefit from knowing their vitamin D status 
and BMD as it plays a vital role in their immune function, physical performance, bone 
density, and risk of injury.  
Purpose  
The first purpose of this study was to determine if serum vitamin D is correlated 
with body composition, BMD, dietary calcium and vitamin D intake in triathletes. The 
second purpose was to determine if triathletes have a different level of serum vitamin D, 
body composition, BMD, dietary calcium and vitamin D intake than non-athletes. The 
third purpose was to determine if BMD was correlated with body composition (body 
mass, body fat percentage, BMI) in triathletes. 
Forty-two experienced triathletes currently training for a triathlon and a 
nonathletic control group between the ages of 18-45 years of age were asked to provide a 
finger prick sample of blood (< 1 ml) to assess their Vitamin D and undergo a Dual 
Energy X-ray Absorptiometry (DEXA) scan to measure bone mineral density, dual 
femur, lumbar spine, ward’s triangle, and body composition. Additionally, they 
completed a calcium and vitamin D intake questionnaire, which was used to estimate 
their Vitamin D intake.  
I hypothesized there will be a correlation between vitamin D concentrations and 
body composition, BMD, dietary calcium and vitamin D intake in triathletes; there will 
be a difference in vitamin D concentrations, body composition, BMD, dietary calcium 
and vitamin D intake between triathletes and non-athletes; there will be a correlation 
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REVIEW OF LITERATURE 
 
Vitamin D Requirements for Athletes  
According to the American College of Sports Medicine, the Academy of Nutrition 
and Dietetics (formerly the American Dietetic Association), and Dietitians of Canada, 
there is no evidence to suggest that athletes require more vitamin D than the general 
population, despite the high-energy demands of training for various sports. Thus, athletes 
are encouraged to follow the recommended dietary allowances (RDA) established by the 
Institute of Medicine for all healthy adults, which is 600 International Units (IUs) daily 
for all people ages 1-70. A tolerable upper intake level of vitamin D has been set, >4,000 
IUs per day for people ages >9, cautioning consumers that if surpassed could put them at 
risk an increased risk for kidney and tissue damage (30). There is strong support, though 
controversial, for the notion that current dietary recommendations are too low and need to 
be adjusted as higher vitamin D status is associated with multiple positive health 
outcomes (13).   
Several vitamin D researchers disagree with the values established by the Institute 
of Medicine. They argue that based on published, randomized clinical trials, prospective 
and cross-sectional studies, and dose-response relations studies, that a vitamin D 
concentration of 20 ng/mL is insufficient to prevent adverse health outcomes and to meet 
the skeletal and physiological demands of vitamin D within the body (13,15,31-36). 
Although no agreement on an optimal serum 25(OH)D concentration has been made, 
these studies have proposed that the optimal level of 25(OH)D lies between ~30-60 
ng/mL year round (14,15). In order to achieve these levels, researchers have 
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recommended that the RDA for vitamin D be increased from 600 IU/day to 800-2,600 
IU/day and possibly as high as 5,000 IU/day (15, 31, 33, 34, 36).  Additionally, 
researchers argue that people are prevented from improving their vitamin D status 
because the tolerable upper intake level is set so low. Many support that a safe, upper 
intake level for adult vitamin D consumption should be revised to 10,000 IU/day (Table 
2) (13, 33, 37). 
Table 2: Dietary Vitamin D Needed to Reach Serum 25(OH)D Sufficiency  
Sources Recommended Dietary 
Allowance (IU/day) 
Upper Level 
Intake (IU/day)  
The Institute of Medicine 
Recommendation  
600 IU* 4,000 IU 
Non-IOM Recommendations**  800-5,000 IU 10,000 IU 
*For people ages 1-70 years 
**15,31, 33, 34, 36 
 
Vitamin D Intake of Athletes  
Dietary Vitamin D intake in athletes have been assessed by methods of three to 
four day food recalls and food frequency questionnaires, which have shown athletes 
consuming vitamin D less than the than the current Institute of Medicine recommendation 
of 600 IU/day (38-44). Noteworthy, is that both food frequency questionnaires and three 
to four day food recalls are self-reported dietary assessments, thus are subject to 
inaccuracies in assessing total dietary intake (45). Regardless, results from these studies 
suggest that athletes should not rely on dietary sources alone to attain an adequate 
vitamin D status. 
Factors that May Affect Vitamin D Status in Athletes 
There are many environmental, behavioral, and anthropometric risk factors that 
may weaken the cutaneous production of pre-vitamin D3 in athletes in response to 
	  	  
11	  	  
ultraviolet-B radiation from the sun (29, 46, 47). As such, athletes who meet any of the 
following risk factors are at an increased risk of developing vitamin D insufficiency or 
deficiency which, consequently, puts them at risk for various health and physical 
performance problems (29, 46-48). 
Geographic location and season:  Research studies report an inverse correlation 
between latitude and the intensity of ultraviolet-B rays during the fall and winter seasons 
(approximately November-February), and as a result, cutaneous pre-vitamin D3 synthesis 
may be notably reduced or non-existent at latitudes > ~35º North or South (49-51). 
Therefore, it is speculated that people who live in these geographic locations may have a 
poor vitamin D status in the winter months if they do not get adequate ultraviolet-B 
radiation exposure in the sunnier months (49-51). Studies done on athletes have reliably 
shown that vitamin D status is highly dependent upon the season. One study specifically 
found that in Laramie, Wyoming (41.3ºN), vitamin D concentrations reached their lowest 
point in the winter compared to the fall and spring (41). Similarly, Lehtonen-Veromaa et 
al. discovered that vitamin D concentrations averaged 13.6 ± 5.6 ng/mL in the winter and 
increased to 25.2 ± 6.0 ng/mL in the summer (42). 
Indoor Sports:  Athletes may increase their risk of a compromised vitamin D 
status if they train and compete indoors, as they may not be exposed to the sun as often or 
as long as outdoor athletes (29, 46, 47). One study found that athletes participating in 
indoor sports such as wrestling, basketball and swimming had significantly lower vitamin 
D concentrations in the fall than athletes participating in outdoor sports, including 
football, soccer, cross-country or track and field and cheerleading (p = 0.013) (41). 
Lovell also examined the vitamin D status of 18 female gymnasts (age 10-17) in 
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Australia, two months after the end of the Australian summer season, and discovered that 
83% of the females had vitamin D concentrations < 30 ng/mL and 33% had levels < 20 
ng/mL, suggesting indoor athletes may be at higher risk for insufficient vitamin D levels 
(52).  
Eating Behaviors: Athletes in sports that encourage a low body weight for better 
performance (i.e. distance runners, dancers, gymnasts, wrestlers, etc.) have been shown to 
practice abnormal and/or restrictive eating behaviors face a greater risk of vitamin D 
deficiency. Due to the low energy diets, athletes are likely to intake an insufficient 
amount of dietary vitamin D3 intake (38, 42-44). Vegetarian athletes are a high-risk 
population for being at risk for vitamin D deficiency as they who do not consume vitamin 
D3 from animal products and/or dairy (53). These athletes obtain most of their dietary 
vitamin D from fortified foods, which do not contain as much vitamin D3 per gram as 
natural sources (54). Vegans may have the most trouble attaining an adequate vitamin D 
status because both natural and supplemental vitamin D3 sources are derived from 
animals (4, 5, 55). Additionally, due to the high-fiber content of vegetarian diets, an 
increased excretion of vitamin D occurs, in turn decreasing absorption (56).  
Vitamin D and the Health of Athletes  
Maintaining an adequate vitamin D status has been shown to be a vital component 
in decreasing the occurrence of stress-related bone fractures in active individuals. 
Ruohola et al., discovered that low average vitamin D concentrations predicted the 
incidence of stress-related fractures in a study following 800 male military recruits over 
90-days (57). Recruits with vitamin D levels below 30 ng/mL were 3.6 times more likely 
to experience a stress-related fracture than recruits who were above the 30 ng/mL.  
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Vitamin D has also been shown to play an important roll in inflammatory 
response and immune function in athletes. Willis, et al., conducted a study on 19 
collegiate athlete endurance runners and found that the inflammatory marker tumor 
necrosis factor significantly increased in the runners when vitamin D concentrations were 
< 32 ng/mL (p = 0.001) (58).  Another study reported low vitamin D concentrations in 
collegiate athletes in the spring were positively correlated with frequency of illness, 
which included the common cold, influenza, upper respiratory infection, and 
gastroenteritis (41).  Findings such as these suggest that athletes who maintain an 
adequate vitamin D status decrease their risk of becoming ill and infection and 
experience lesser amounts of systematic inflammation that may result from sports 
training (41, 58). 
There has been only one study that has investigated the association between 
vitamin D status and muscle injuries in athletes. Vitamin D concentrations of 16 
professional football players who had lost practice or game due to a muscle injury the 
previous season were examined. It was reported that the 16 players who had sustained a 
previous muscle injury had an average vitamin D concentration of 19.9 ng/mL, compared 
to the 24.7 ng/mL seen in the non-injured athletes (59).    
Together these studies imply that maintaining an adequate vitamin D status may 
reduce the incidence of illness and infections in athletes and be a defensive against 
injuries that occur during training or competition. 
Vitamin D Influence on Body Composition  
As previously noted, adipose tissue is a major storage depot for vitamin D and 
regardless of the type of sport or specific position played, having a particular body fat to 
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muscle mass ratio is a critical component to the success of athletes. Mutually, these may 
affect an athlete’s speed, endurance, power, strength and agility (60). Numerous studies 
have shown that insufficient vitamin D concentrations are associated with an unfavorable 
body composition in otherwise healthy individuals.  Thus, it is meaningful to explore the 
effects of vitamin D status on body composition. 
Kremer et al. examined the relationship between vitamin D concentrations and 
anthropometric measures in 90 healthy females (aged 16-22) using both dual energy x-
ray absorptiometry (DEXA) and computed tomography (CT) and reported that women 
with sufficient vitamin D concentrations (≥ 30 ng/mL) had a significantly lower body 
weight (p = 0.046) and body mass index (p = 0.014) than women with insufficient 
vitamin D concentrations (≤ 29 ng/mL) (61). Also, the women with sufficient vitamin D 
concentrations had significantly less subcutaneous fat (p = 0.029) and visceral fat (p = 
0.009).  Another study reported similar results, by examining the correlation between 
vitamin D concentrations and body composition in 410 healthy women (age 20-80 years). 
Race, season, age and dietary vitamin D intake were adjusted for and it was concluded 
that vitamin D concentrations were inversely correlated with percent body fat (p = 0.013). 
Finally, Halliday et al., conducted the only known study to compare athletes vitamin D 
status to body composition and reported that vitamin D concentrations were not 
significantly associated with body weight or BMI (41). However, in the fall and spring 
there was a tendency for vitamin D concentrations to correlate negatively with body fat 
percentages. The authors proposed that the absence of a stronger correlation could have 










Subjects and Design 
Forty-two volunteers from Las Vegas, NV (665 m, 36.10-N) that met the 
inclusion criteria; triathletes having competed in two or more triathlons and are currently 
training for another race or fit the control group criteria, are between the ages of 18-45, 
and do not take vitamin D or calcium supplements where included in the study. Those 
excluded were pregnant women, women who thought they were pregnant and individuals 
with cardiovascular, pulmonary, or metabolic disease. Characteristics of the participants 
are summarized in Table 3. All study participants gave written informed consent and the 
University of Nevada, Las Vegas Institutional Review Board, approved the study 
protocol. 
Participants reported to the UNLV Exercise Physiology Laboratory, BHS room 
119 for blood extraction and BHS room 335 for DEXA analysis. An informed consent 
form was explained and all questions about the protocol were answered successfully.  
Bone Mineral Density and Body Composition  
All data was collected between, July 1st–22nd, 2013. Data collected on subjects 
included age, race, height, weight, body composition, and bone mineral density. Height 
(Height Rod use - Health o meter Professional) and weight (Scale - Tanita BWB-600) 
were taken and BMI values were calculated as the ratio of weight (kg) to height (M) 
squared (kg/m2). Total body bone mineral density, dual femur, lumbar spine, and body 
composition (lean body mass, fat mass, bone mineral content, android fat mass and 
gynoid fat mass) were determined for the whole body using dual energy x-ray 
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absorptiometry (DEXA) with a Lunar Densitometer DPX-L Radiation (Prodigy, Lunar 
Corp, Madison, WI). Scans were conducted by individuals trained and certified in DEXA 
use. For the scan subjects were positioned on their backs with arms straight and at the 
sides with palms facing down. BMD was expressed as grams per centimeter squared 
(gm/c2). Standardized scores based on age and weight matched controls as generated by 
the machine’s software (enCORE 2011 Version 13.60; Lunar Corporation, DPX-L 
technical manual, Appendix C) were used in the analysis.  
Vitamin D  
Blood samples were collected via finger lancet extracting 600 µL of blood and 
was centrifuged at 3000 RPM for 20 min at 4ᴼ C. Duplicate samples of plasma (20 µL) 
were stored at -80ᴼ C until all samples were collected for subsequent analysis. Using a 
commercially available ELISA kit (Eagle Biosciences, INC 20A NW Blvd. Ste 112, 
Nashua, NH 03063) 25(OH)D was determined. The intra-assay coefficient of variation 
(CV) was 4.9% at 10.8 ng/mL, 6.9% at 24.6 ng/mL and 3.2% at 64.1 ng/mL. The inter-
assay CV was 7.8% at 16.6 ng/mL, 7.0% at 43.5 ng/mL and 8.6% at 67.8 ng/mL.  
Calcium and Vitamin D Food Intake Questionnaires  
Dietary calcium and vitamin D intake where assessed by survey and summed to 
equate daily intake as described by the Citracal Pro Calcium Calculator questionnaire and 
the Vitamin D questionnaire obtained from Halliday et. al., 2011. The calcium content of 
foods was obtained from the USDA and the vitamin D content of food was obtained from 
Chen et al., 2007, from the national nutrient database for standard reference, and from 




Statistical Analyses  
Statistical analyses were performed using the Statistical Package for the Social 
Sciences for Windows analysis software (PASW Statistics Version 20.0, SPSS Inc., 
Chicago, IL). A Pearson correlation were used to assess the relations between serum 
25(OH)D concentrations and continuous or estimated variables, including height, body 
weigh, BMI, body fat percentage, total body BMD, dual femur, lumbar spine, ward’s 
triangle, calcium intake, and vitamin D intake. After testing for homogeneity of variance, 
Levene’s test was found to be significant for dual femur bone mineral density, a one-way 
ANOVA was run to explore between-group differences for the means for vitamin D 
status, BMI, body fat percentage, total body BMD, dual femur, lumbar spine, wards 
triangle, calcium intake, and vitamin D intake. To assess multiple comparisons a Tukeys 














































Data were collected on 42 subjects composed of male triathletes (n = 15), female 
triathletes (n = 13), and a control group (n = 14). Descriptive statistics are provided in 
Table 4.  There was a significant difference between groups with regards to body fat (p = 
0.002) and wards triangle (p = 0.040). The male triathletes had a significantly lower body 
fat percentage then the female triathletes (p = 0.003) and the control group (p = .008). 
Additionally, the control group had a significantly denser wards triangle area then the 
male triathletes (p = .034).  
Table 4: Group mean + SD descriptive  
 
 
Correlation between the estimated amount of vitamin D and calcium intake based 
on self-reported diet and serum vitamin D levels.  
Serum vitamin D status was correlated with their self-reported estimated intake of 
vitamin D containing foods in their diet (r = 0.832, p = 0.001) in the female triathlete 
group. In the male triathlete group, serum vitamin D status was correlated with their self-
reported estimated intake of calcium containing foods in their diet (r = 0.536, p = 0.039). 
Additionally, intake of calcium containing foods was significantly correlated with the 
intake of vitamin D containing foods within all subject groups (r = 0.461, p = 0.002) and 
in the male triathlete group (r = 0.575, p = 0.025). Finally, in the control group body mass 





Relationship between vitamin D status and body composition 
Correlations between vitamin D status and height, body mass, BMI, and 
percentage body fat are shown in Table 5. Pearson correlations between body mass was 
not found, although 25(OH)D concentrations tended to be correlated with height (r = 
0.358, p = 0.018), inversely correlated with BMI (r = -0.491, p = 0.001), and body fat 
percentage (r = -0.526, p = 0.000). When correlations were adjusted by subject groups, an 
inverse relationship between 25(OH)D concentration and body fat was found to be 
significant in the male triathlete group (r = -0.730, p = 0.002) and in the control group (r 
= -0.573, p = 0.032). Also, the relation between 25(OH)D concentration and BMI was 
significantly inverse in the control group (r = - 0.610, p = 0.020).   
Relationship between vitamin D status and bone mineral density  
Vitamin D status was not correlated (p > 0.05) with total body bone density (r  = - 
0.019) or bone density in the lumbar spine (r  = 0.101), dual femur (r  = -0.042), or wards 
triangle (r = 0.097).  
 






























Relationship between body composition and bone mineral density  
Body mass was significantly correlated with bone density assessed in the lumbar 
spine (r = 0.338, p  = 0.027) and wards triangle (r = 0.366, p = 0.016) within all subjects. 
BMI was also significantly correlated with BMD (r = .474, p = 0.001). When correlations 
were adjusted between subject groups, the relation between body mass and bone mineral 
density (r = 0.685, p = 0.007), dual femur (r = 0.653, p = 0.011), lumbar spine (r = 0.718, 
p = 0.004), and ward’s triangle (r = 0.617, p = 0.029) were significant in the control 
group. In the female triathlete group, body mass was significantly correlated with the 
bone mineral density in the dual femur (r = 0.559, p = 0.047). Also, a correlation was 
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DICUSSION AND IMPLICATIONS  
 
Discussion  
The first purpose of this study was to determine if the vitamin D concentrations 
(circulating concentrations of 25-hydroxy vitamin D) were correlated with body 
composition, BMD, dual femur, lumbar spine, ward’s triangle, calcium intake, and 
dietary vitamin D intake in triathletes. The second purpose of this study was to determine 
if triathletes have a different level of serum vitamin D, body composition, BMD, dual 
femur, lumbar spine, ward’s triangle, calcium intake, and dietary vitamin D intake. The 
third purpose of this study was to determine if BMD, dual femur, lumbar spine, and 
ward’s triangle was correlated with body composition. I found that vitamin D status 
within all groups was sufficient (> 30 ng/mL) regardless of dietary intake and/or amount 
of time spent outside. Sufficient levels amongst all groups may be explained by self-
reported sun exposure length averaging an hour per day among all subjects, the time of 
season (summer), and location of residence (Las Vegas, Nevada). However, self-reported 
data via questionnaires may not be the most accurate method for obtaining data on 
effective sun exposure (i.e., between the hours of 10:00 a.m. and 2:00 p.m., non-daylight 
savings time) or tanning bed use. Effective sun exposure is complicated by factors such 
as cloud cover and sunscreen use (29) whereas commercial tanning beds vary 
considerably with the type of UV light emitted (i.e., only beds that emit adequate UVB 
promote cutaneous vitamin D synthesis [18]). In future studies, the frequency and the 
length of time spent in leisure time and practice or competition between 10:00 a.m. and 
2:00 p.m. non-daylight savings time and sunscreen application frequency and type should 
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be collected through more detailed questionnaires, logs, or direct documentation. Also, 
direct measurement of UVB exposure with UVB detection devices placed directly on 
skin.  
There was a significant correlation between female triathletes vitamin D status 
and their intake of vitamin D containing foods, although there is no known causation. 
Within the male triathlete group, there was a significant correlation between intake of 
vitamin D containing foods and intake of calcium containing foods, which could be 
contributed their higher consumption of vitamin D fortified milk than the female 
triathletes and control group. Overall, the lack of a relation between vitamin D status and 
estimated vitamin D intake from food is not surprising given that vitamin D is limited in 
our food supply. Only a few foods, including oily fish, naturally contain vitamin D, 
whereas milk, some fruit juices, margarine, and ready-to-eat cereals are among the few 
fortified food sources (62). In addition, food intake tables for vitamin D are inadequate, 
which makes intake evaluation difficult (62). In the current study, reported vitamin D 
intake from food alone averaged 242 + 382, 286 + 348, and 186 + 190 IUd-1 in female 
triathletes, male triathletes, and the control group, which were lower than the current 
RDA of 600 IU (63). The lack of a correlation with total intake from vitamin D however, 
is unexpected but may be explained by the food frequency methodology and/or by the 
fact that most circulating 25(OH)D is thought to originate from sunlight exposure rather 
than from dietary sources (29). In future studies, detailed daily dietary intake logs should 
be collected over an extended length of time to get a more accurate vitamin D and 
calcium intake measurement.  
Vitamin D status did not appear to be significantly influenced by body weight, 
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although the expected negative association with BMI in the control group and body fat 
percentage amongst both the male triathletes and control group was present. Previous 
studies in non-athletes have found that 25(OH)D concentrations are inversely correlated 
with body fat percentage (within the typical range of sedentary individuals) (25) and are 
commonly depressed with obesity (along with elevated PTH concentrations) (24, 25). For 
example, in a cohort of 302 healthy adults, lower serum concentrations of 25(OH)D in 
obese compared with non-obese adults was found (Parikh et al., 2004). The decrease in 
vitamin D bioavailability is thought to be due to isolation of vitamin D in adipose tissue 
after cutaneous synthesis or dietary intake, although the exact mechanism is not yet 
known. Future studies in larger athletic populations, however, should evaluate whether 
athletes with excessively high body fat stores are at increased risk for vitamin D 
insufficiency, particularly during certain seasons of the year. 
Lastly, in this study, vitamin D status and/or intake of vitamin D and/or calcium 
containing foods did not seem to have a significant correlation with bone mineral density, 
but could be due to the fact all subjects were sufficient in their vitamin D levels. Body 
mass, however, was significantly correlated with bone mineral density, duel femur, 
lumbar spin, and wards triangle in the control group, probably due to greater physical 
stress caused by excess body weight. Amongst the female triathletes, weight was 
significantly correlated with the bone mineral density in the dual femur, which could be 
due to their training, specifically running.    
Conclusion	  	  
In conclusion, the current study demonstrates that healthy triathletes and non-
athletes can achieve adequate to optimal 25(OH)D concentration through routine sun 
exposure and dietary sources. Maintaining a healthy weight, particularly with a lower 
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body fat percentage could also increase ones vitamin D status. These findings can be 
extrapolated to non-athletes who live in an environment with high UVB exposure and/or 
to individuals who work out in the sun daily. Despite the limited research examining the 
relation between vitamin D and athletic performance, studies suggest that a large 
percentage of athletes may be insufficient or deficient in vitamin D. These deficiencies 
seem to be most apparent in the winter and spring regardless of geographic location or 
whether the athlete competes indoors or outdoors. These findings suggest that all athletes 
should attempt to attain a sufficient vitamin D status through sunlight, artificial 
ultraviolet B light and/or supplementation, especially in the winter and spring months.  
Future Research 
Studies have insinuated a positive association between sustaining a sufficient 
vitamin D status and factors that may positively influence athletic performance, 
specifically strength, speed, power, cardiorespiratory fitness, coordination, reaction time, 
and body composition. In addition, there is evidence to suggest that vitamin D status is 
related to reductions in stress fractures, common illnesses, muscle injuries and chronic 
pain, of which all may also affect athletic training and performance. At this point, 
however, it cannot be determined that vitamin D enhances athletic performance. Most of 
the studies that have examined the effect of vitamin D status on different athletic 
performance indicators have been correlational, allowing for the possibility that other 
lifestyle, dietary and genetic factors may also be playing a role in raising vitamin D 
concentrations and, subsequently, improving athletic performance. Direct interventional 
studies assessing vitamin D concentrations and athletic performance markers are needed 
to validate this claim. 
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There are numerous gaps in the literature that must be addressed in order to both 
validate the relation between vitamin D and athletic performance and make proper 
vitamin D supplementation recommendations. Studies must first compare vitamin D 
concentrations among both recreational and elite athletes in various sports in order to 
better predict which types of athletes are most inclined to vitamin D deficiencies or 
insufficiencies, and to determine whether athletes require more vitamin D than the 
general population.  
Also, there are no known studies that have tracked athletic performance 
indicators, namely speed, strength, power, cardiorespiratory fitness, reaction time, and 
body composition, throughout a vitamin D supplementation protocol. Randomized, 
double-blind, placebo controlled, and dose-response studies in athletes are necessary to 
establish whether supplementing with vitamin D directly influences these athletic 
performance indicators. These studies should also examine the vitamin D concentration at 
which athletes experience the greatest improvements in athletic performance indicators, 
and determine whether this concentration is applicable to all athletes, or if ideal vitamin 































































































Descriptives For All Subjects
Statistic Std. Error
Vit_D Mean 64.5764 3.22098
95% Confidence Lower Bound 58.0762
Upper Bound 71.0766










Height Mean 169.6837 1.41427
95% Confidence Lower Bound 166.8296
Upper Bound 172.5378










Weight Mean 61.3163 1.69337
95% Confidence Lower Bound 57.8989
Upper Bound 64.7336










BMI Mean 24.3535 .51924
95% Confidence Lower Bound 23.3056
Upper Bound 25.4013










BodyFat Mean .2349 .01591
95% Confidence Lower Bound .2028
Upper Bound .2670













BMD Mean 1.2260 .01490
95% Confidence Lower Bound 1.1960
Upper Bound 1.2561










DFBMD Mean 1.329 .2582
95% Confidence Lower Bound .808
Upper Bound 1.850










SBMD Mean 1.2466 .02169
95% Confidence Lower Bound 1.2028
Upper Bound 1.2904










WTBMD Mean .9002 .02122
95% Confidence Lower Bound .8574
Upper Bound .9430










ca_diet Mean 965.0233 91.58045
95% Confidence Lower Bound 780.2064
Upper Bound 1149.8401










VitD_diet Mean 244.8837 47.36743
95% Confidence Lower Bound 149.2924
Upper Bound 340.4751



































Correlations for all Subjects
Correlations
Vit_D Height Weight BMI BodyFat BMD DFBMD SBMD WTBMD ca_diet VitD_diet
Vit_D Pearson 
Correlation
1 .359* -.108 -.491** -.526** -.019 -.042 .101 .097 .210 .278
Sig. (2-tailed) .018 .489 .001 .000 .904 .789 .519 .535 .178 .071
N 43 43 43 43 43 43 43 43 43 43
Height Pearson 
Correlation
1 .643** .044 -.567** .393** -.016 .231 .138 -.162 .008
Sig. (2-tailed) .000 .778 .000 .009 .919 .136 .377 .299 .959
N 43 43 43 43 43 43 43 43 43
Weight Pearson 
Correlation
1 .780** -.042 .619** .066 .338* .366* -.203 -.207
Sig. (2-tailed) .000 .790 .000 .673 .027 .016 .191 .183
N 43 43 43 43 43 43 43 43
BMI Pearson 
Correlation
1 .424** .474** .104 .248 .355* -.174 -.258
Sig. (2-tailed) .005 .001 .505 .109 .019 .264 .094
N 43 43 43 43 43 43 43
BodyFat Pearson 
Correlation
1 -.134 .012 -.030 .153 -.240 -.132
Sig. (2-tailed) .391 .938 .851 .329 .121 .400
N 43 43 43 43 43 43
BMD Pearson 
Correlation
1 .156 .718** .617** -.173 -.230
Sig. (2-tailed) .317 .000 .000 .268 .138
N 43 43 43 43 43
DFBMD Pearson 
Correlation
1 -.177 .110 -.001 -.044
Sig. (2-tailed) .257 .482 .997 .777
N 43 43 43 43
SBMD Pearson 
Correlation
1 .593** -.047 .025
Sig. (2-tailed) .000 .765 .873























Group Vit_D Height Weight BMI BodyFat BMD DFBMD SBMD WTBMD ca_diet VitD_diet
Female Vit_D Pearson 1 .058 -.343 -.503 -.396 .108 .306 .468 .342 .308 .823**
Sig. (2- .850 .251 .079 .181 .726 .310 .107 .253 .306 .001
N 13 13 13 13 13 13 13 13 13 13
Height Pearson 1 .543 .226 .246 .454 .517 .379 .363 -.181 .155
Sig. (2- .055 .457 .417 .119 .070 .202 .223 .554 .613
N 13 13 13 13 13 13 13 13 13
Weight Pearson 1 .912** .652* .497 .559* .238 .400 -.091 -.270
Sig. (2- .000 .016 .084 .047 .434 .176 .767 .373
N 13 13 13 13 13 13 13 13
BMI Pearson 1 .729** .439 .463 .111 .338 -.151 -.346
Sig. (2- .005 .133 .111 .719 .259 .622 .247
N 13 13 13 13 13 13 13
BodyFat Pearson 1 .194 .387 -.060 .232 -.430 -.295
Sig. (2- .525 .191 .846 .445 .143 .329
N 13 13 13 13 13 13
BMD Pearson 1 .650* .639* .623* -.367 .115
Sig. (2- .016 .019 .023 .217 .709
N 13 13 13 13 13
DFBMD Pearson 1 .414 .925** -.209 .466
Sig. (2- .160 .000 .494 .108
N 13 13 13 13
SBMD Pearson 1 .448 .203 .479
Sig. (2- .125 .505 .098
N 13 13 13
WTBMD Pearson 1 -.226 .485
Sig. (2- .458 .093
N 13 13





N Vit_D Height Weight BMI BodyFat BMD DFBMD SBMD WTBMD ca_diet VitD_diet
Male Vit_D Pearson 1 .075 -.231 -.389 -.730** -.201 -.200 -.082 -.280 .536* .020
Sig. (2- .790 .407 .152 .002 .473 .474 .772 .312 .039 .942
N 15 15 15 15 15 15 15 15 15 15
Height Pearson 1 .580* .183 -.104 .239 -.439 .275 .026 -.235 -.079
Sig. (2- .023 .514 .713 .390 .102 .322 .925 .400 .779
N 15 15 15 15 15 15 15 15 15
Weight Pearson 1 .899** .413 .681** -.032 .329 .494 -.191 -.205
Sig. (2- .000 .126 .005 .911 .232 .061 .495 .464
N 15 15 15 15 15 15 15 15
BMI Pearson 1 .586* .728** .224 .295 .638* -.126 -.190
Sig. (2- .022 .002 .422 .286 .010 .655 .497
N 15 15 15 15 15 15 15
BodyFat Pearson 1 .362 .332 .055 .334 -.271 -.134
Sig. (2- .185 .227 .845 .224 .329 .633
N 15 15 15 15 15 15
BMD Pearson 1 .156 .752** .750** -.100 -.460
Sig. (2- .579 .001 .001 .722 .084
N 15 15 15 15 15
DFBMD Pearson 1 -.240 .284 -.045 -.117
Sig. (2- .388 .305 .874 .677
N 15 15 15 15
SBMD Pearson 1 .520* .060 -.157
Sig. (2- .047 .832 .575
N 15 15 15
WTBMD Pearson 1 -.048 -.280
Sig. (2- .865 .313
N 15 15





N Vit_D Height Weight BMI BodyFat BMD DFBMD SBMD WTBMD ca_diet VitD_diet
control Vit_D Pearson 1 .600* -.054 -.610* -.573* -.068 .297 -.049 .207 -.149 -.186
Sig. (2- .023 .855 .020 .032 .818 .303 .867 .477 .612 .524
N 14 14 14 14 14 14 14 14 14 14
Height Pearson 1 .573* -.162 -.658* .522 .741** .622* .656* -.563* -.105
Sig. (2- .032 .580 .011 .055 .002 .018 .011 .036 .722
N 14 14 14 14 14 14 14 14 14
Weight Pearson 1 .711** -.119 .685** .653* .718** .617* -.583* -.264
Sig. (2- .004 .686 .007 .011 .004 .019 .029 .361
N 14 14 14 14 14 14 14 14
BMI Pearson 1 .442 .341 .105 .332 .156 -.251 -.216
Sig. (2- .113 .233 .722 .247 .595 .386 .458
N 14 14 14 14 14 14 14
BodyFat Pearson 1 -.458 -.541* -.387 -.422 .012 -.030
Sig. (2- .100 .046 .172 .133 .969 .919
N 14 14 14 14 14 14
BMD Pearson 1 .838** .897** .775** -.261 -.136
Sig. (2- .000 .000 .001 .367 .643
N 14 14 14 14 14
DFBMD Pearson 1 .763** .907** -.264 .009
Sig. (2- .002 .000 .361 .975
N 14 14 14 14
SBMD Pearson 1 .783** -.409 -.225
Sig. (2- .001 .146 .439
N 14 14 14
WTBMD Pearson 1 -.328 .022
Sig. (2- .252 .940
N 14 14




























Vit_D Female male -4.70 8.15 .833 -24.56 15.15
control -1.82 8.28 .974 -22.00 18.36
male Female 4.70 8.15 .833 -15.15 24.56
control 2.89 7.99 .931 -16.59 22.36
control Female 1.82 8.28 .974 -18.36 22.00
male -2.89 7.99 .931 -22.36 16.59
BodyFat Female male .11701* 0.03 .003 0.04 0.20
control 0.01 0.03 .925 -0.07 0.10
male Female -.11701* 0.03 .003 -0.20 -0.04
control -.10425* 0.03 .008 -0.18 -0.02
control Female -0.01 0.03 .925 -0.10 0.07
male .10425* 0.03 .008 0.02 0.18
BMI Female male -0.66 1.30 .868 -3.84 2.51
control -1.85 1.32 .350 -5.08 1.37
male Female 0.66 1.30 .868 -2.51 3.84
control -1.19 1.28 .623 -4.31 1.92
control Female 1.85 1.32 .350 -1.37 5.08
male 1.19 1.28 .623 -1.92 4.31
BMD Female male -0.03 0.04 .695 -0.12 0.06
control -0.02 0.04 .848 -0.11 0.07
male Female 0.03 0.04 .695 -0.06 0.12
control 0.01 0.04 .962 -0.08 0.10
control Female 0.02 0.04 .848 -0.07 0.11
male -0.01 0.04 .962 -0.10 0.08
DFBMD Female male -0.72 0.65 .519 -2.31 0.87
control -0.01 0.66 1.000 -1.62 1.60
male Female 0.72 0.65 .519 -0.87 2.31
control 0.71 0.64 .515 -0.85 2.27
control Female 0.01 0.66 1.000 -1.60 1.62
male -0.71 0.64 .515 -2.27 0.85
SBMD Female male 0.05 0.05 .598 -0.08 0.19
control -0.01 0.06 .978 -0.15 0.12
male Female -0.05 0.05 .598 -0.19 0.08
control -0.06 0.05 .458 -0.20 0.07
control Female 0.01 0.06 .978 -0.12 0.15
male 0.06 0.05 .458 -0.07 0.20
WTBMD Female male 0.08 0.05 .235 -0.04 0.21
control -0.05 0.05 .652 -0.17 0.08
male Female -0.08 0.05 .235 -0.21 0.04
control -.12871* 0.05 .034 -0.25 -0.01
control Female 0.05 0.05 .652 -0.08 0.17
male .12871* 0.05 .034 0.01 0.25
ca_diet Female male -215.16 231.77 .626 -779.81 349.50
control 38.66 235.58 .985 -535.28 612.61
male Female 215.16 231.77 .626 -349.50 779.81
control 253.82 227.29 .510 -299.92 807.57
control Female -38.66 235.58 .985 -612.61 535.28
male -253.82 227.29 .510 -807.57 299.92
VitD_diet Female male -43.69 120.19 .930 -336.51 249.13
control 55.88 122.17 .891 -241.76 353.51
male Female 43.69 120.19 .930 -249.13 336.51
control 99.57 117.87 .678 -187.59 386.73
control Female -55.88 122.17 .891 -353.51 241.76






























Sum of Squares df Mean Square F Sig.
Vit_D Between Groups 158.739 2 79.369 .172 .843
Within Groups 18040.755 39 462.583
Total 18199.493 41
BodyFat Between Groups .119 2 .059 7.627 .002
Within Groups .303 39 .008
Total .422 41
BMI Between Groups 24.057 2 12.029 1.018 .371
Within Groups 460.974 39 11.820
Total 485.031 41
BMD Between Groups .007 2 .003 .343 .712
Within Groups .382 39 .010
Total .389 41
DFBMD Between Groups 4.904 2 2.452 .829 .444
Within Groups 115.384 39 2.959
Total 120.288 41
SBMD Between Groups .035 2 .017 .829 .444
Within Groups .813 39 .021
Total .848 41
WTBMD Between Groups .124 2 .062 3.513 .040
Within Groups .688 39 .018
Total .812 41
ca_diet Between Groups 543544.402 2 271772.201 .726 .490
Within Groups 14589567.717 39 374091.480
Total 15133112.119 41
VitD_diet Between Groups 71966.374 2 35983.187 .358 .702






1. Holick, M. F. (2007). Vitamin D deficiency. The New England Journal of 
Medicine, 357, 266-28. 
2. Whiting, S. J., Langlois, K. A., Vatanparast, H., & Greene-Finestone, L. S. 
(2011). The vitamin D status of Canadians relative to the 2011 Dietary 
Reference Intakes: an examination in children and adults with and without 
supplement use. The American Journal of Clinical Nutrition. 
3. NIH Office of Dietary Supplements. (2011, September 21). Dietary 
Supplement Fact Sheet: Vitamin D. Retrieved from 
http://ods.od.nih.gov/factsheets/vitamind/. 
4. Armas, L. A., Hollis, B. W., & Heaney, R. P. (2004). Vitamin D2 is much less  
effective than vitamin D3 in humans. The Journal of Clinical 
Endocrinology & Metabolism, 89(11), 5387-5391. 
5. Houghton, L. A., & Vieth, R. (2006). The case against ergocalciferol (vitamin 
D2) as a vitamin supplement. American Journal of Clinical Nutrition, 
84(4), 694-697. 
6. Zerwekh, J. E. (2008). Blood biomarkers of vitamin D status. American 
Journal of Clinical Nutrition, 87(4), 1087S-1091S. 
7. Chapuy, M. C., Preziosi, P., Maamer, M., Arnaud, S., Galan, P., Hercberg, S., 
& Meunier, P. J. (2007). Prevalence of vitamin D insufficiency in an adult 
normal population. Osteoporosis International, 7(5), 439-43. 
8. Souberbielle, J., Lawson-Body, E., Hammadi, B., Sarfati, E., Kahan, A., & 
	  	  
43	  	  
Cormier, C. (2003). The use in clinical practice of parathyroid hormone 
normative values established in vitamin D-sufficient subjects. The Journal 
of Clinical Endocrinology and Metabolism, 88(8), 3501-3504. 
9. Vieth, R., Ladak, Y., & Walfish, P. G. (2003). Age-related changes in the 25 
hydroxyvitamin D versus parathyroid hormone relationship suggest a 
different reason why older adults require more vitamin D. The Journal of 
Clinical Endocrinology & Metabolism, 88(1), 185–191.  
10. Hanley. D.A., Cranney, A., Jones, G., Whiting, S.J., Leslie, W.D., Cole, D.E., 
Atkinson, S.A., Josse, R.G., Feldman, S., Kline, G.A., Rosen, C. (2010). 
Vitamin D in adult health and disease: a review and guideline statement 
from Osteoporosis Canada. CMAJ, 182(12), E610-E618.  
11. Whiting, S.J., Calvo, M.S. & Stephensen, C.B. (2008). Current understanding 
of vitamin D, metabolism, nutritional status, and role in disease 
prevention. In: Coulston AM, Boushey C (eds) Nutrition in the prevention 
and treatment of disease. Academic Press, San Diego, pp 807-832.  
12. Heaney, R.P. (2003). Long-Latency deficiency disease: insights from calcium 
and vitamin D. American Journal of Clinical Nutrition, 78(5), 912-919.  
13. Vieth, R., Bischoff-Ferrari, H., Boucher, B. J., Dawson-Hughes, B., Garland, 
C. F., Heaney, R. P., . . . Zittermann, A. (2007). The urgent need to 
recommend an intake of vitamin D that is effective. The American Journal 
of Clinical Nutrition, 85(3), 649-650. 
14. Cannell, J.J., Hollis, B.W., Zasloff, M., Heaney, R.P. (2008). Diagnosis and 
	  	  
44	  	  
treatment of vitamin D deficiency. Expert opinion on pharmacotherapy, 
9(1), 107-118. 
15. Bischoff-Ferrari, H. A., Giovannucci, E., Willett, W. C., Dietrich, T., & 
Dawson Hughes, B. (2006). Estimation of optimal serum concentrations of 
25-hydroxyvitamin D for multiple health outcomes. The American Journal 
of Clinical Nutrition, 84, 18-28. 
16. Fast facts. National Osteoperosis Foundation. Available at: 
http://www.nof.org/osteoporosis/diseasefacts.htm. Accessed June 12, 
2013. 
17. Duncan CS, Blimkie C, Cowell CT, Burke ST, Briody J, Howman-Giles R. 
 
(2002). Bone mineral Medicine & Science in Sports & Exercise, 2002. 
18. Holick, M. F. (2004). Sunlight and vitamin D for bone health and prevention 
of autoimmune diseases, cancers, and cardiovascular disease. The 
American Journal of Clinical Nutrition, 80(6, Suppl.), 1678S-1688S. 
19. Bell, N.H., Epstein, S., Greene, A., Shary, J., Oexmann, M.J. & Shaw, S., 
(1985). Evidence for alteration of the vitamin D-endocrine system in 
obese subjects. The Journal of Clinical Investigation, 76(2), 370–373. 
20. Konradsen, S., Ag, H., Lindberg, F., Hexeberg, S. & Jorde, R. (2008). Serum 
1,25 dihydroxy vitamin D is inversely associated with body mass index. 
European Journal of Nutrition, 47(2), 87-91. doi: 10.1007/s00394-008-
0700-4. 
21. Stein, M.S., Flicker, L., Scherer, S.C., Paton, L.M., O’Brien, M.L., Walton, 
	  	  
45	  	  
S.C., Chick, P., Di Carlantonio, M., Zajac, J.D. & Wark, J.D. (2001). 
Relationships with serum parathyroid hormone in old institutionalized 
subjects. Clinical Endocrinology, 54, 583–592. 
22. Wortsman, J., Matsuoka, L.Y., Chen, T.C., Lu, Z. & Holick, M.F. (2000). 
Decreased bioavailability of vitamin D in obesity. The American Journal 
of Clinical Nutrition, 72(5), 690–693. 
23. Arunabh, S., Pollack, S., Yeh, J., & Aloia, J.F. (2003). Body fat content and 
25 hydroxyvitamin D levels in healthy women. The Journal of Clinical 
Endocrinology and Metabolism, 88(1), 157–161. 
24. Parikh, S.J., Edelman, M., Uwaifo, G.I., Freedman, R.J., Semega-Janneh, M., 
Reynolds, J. and Yanovski, J.A. (2004). The relationship between obesity 
and serum 1,25-dihydroxy vitamin D concentrations in healthy adults. The 
Journal of Clinical Endocrinology and Metabolism, 89(30, 1196–1199. 
25. Snijder, M.B., van Dam, R.M., Visser, M., Deeg, D.J., Dekker, J.M., Bouter, 
L.M., Seidell, J.C. & Lips, P. (2005). Adiposity in relation to vitamin D 
status and parathyroid hormone levels: a population-based study in older 
men and women. The Journal of Clinical Endocrinology & Metabolism, 
90(7), 4119–4123. doi: 10.1210/jc.2005-0216 
26. Hamilton, B., Grantham, J., Racinais, S., & Chalabi, H. (2010). Vitamin D 
deficiency is endemic in Middle Eastern sportsmen. Public Health 
Nutrition, 13(10), 1528-34. 
27. Simpson, R. U., Thomas, G. A., & Arnold, A. J. (1985). Identification of 1,25 
	  	  
46	  	  
dihydroxyvitamin D3 receptors and activities in muscle. The Journal of 
Biological Chemistry, 280(15), 8882-8891. 
28. Zitterman, A. (2003). Vitamin D in preventive medicine: are we ignoring the 
evidence? British Journal of Nutrition, 89, 552-572. 
29. Cannell, J. J., Hollis, B. W., Sorenson, M. B., Taft, T. N., & Anderson, J. J. 
(2009). Athletic Performance and Vitamin D. Medicine and Science in 
Sports and Exercise, 41(5), 1102-1110. 
30. The Institute of Medicine. (2010). Dietary reference intakes for calcium and 
vitamin D. Retrieved from http://www.iom.edu/Reports/2010/Dietary-
Reference-Intakes-for-Calcium-and-Vitamin-D/DRI-Values.aspx. 
31. Dawson-Hughes, B., Heaney, R.P., Holick, M.F., Lips, P., Meunier, P.J. & 
Vieth R. (2005). Estimates of optimal vitamin D status. Osteoporosis 
International, 16(7), 713-6. 
32. Heaney, R. P., Davies, K. M., Chen, T. C., Holick, M. F., & Barger-Lux, M. J. 
(2003). Human serum 25-hydroxycholecalciferol response to extended 
oral dosing with cholecalciferol. The American Journal of Clinical 
Nutrition, 77(1), 204–210. 
33. Heaney, R. P. (2005). The vitamin D requirement in health and disease. The 
Journal of Steroid biochemistry and Molecular Biology, 97(1-2), 13-19. 
34. Hollis, B. W. (2005). Circulating 25-hydroxyvitamin D levels indicative of 
vitamin D sufficiency: implications for establishing a new effective 




35. Lips, P. (2004). Which circulating level of 25-hydroxyvitamin D is 
appropriate? The Journal of Steroid Biochemistry and Molecular Biology, 
89–90(1-5), 611-614. 
36. Vieth, R. (2006). What is the optimal vitamin D status for health? Progress in 
Biophysics and Molecular Biology, 92(1), 26-32.  
37. Hathcock, J. N., Shao, A., Vieth, R., & Heaney, R. (2007). Risk assessment 
for vitamin D. The American Journal of Clinical Nutrition, 85(1), 6-18. 
38. Bergen-Cico, D. K., & Short, S. H. (1992). Dietary intakes, energy 
expenditures, and anthropometric characteristics of adolescent female 
cross-country runners. Journal of the American Dietetic Association, 
92(5), 611-612 
39. Bescós, G. R., & Rodríguez, G. (2011). Low levels of vitamin D in 
professional basketball players after wintertime: relationship with dietary 
intake of vitamin D and calcium. Nutrición Hospitalaria, 25(5), 245-251. 
40. Clark, M., Reed, D. B., Crouse, S. F., & Armstrong, R. B. (2003). Pre- and 
post-season dietary intake, body composition, and performance indices of 
NCAA division I female soccer players. International Journal of Sport 
Nutrition and Exercise Metabolism, 13(3), 303-319. 
41. Halliday, T. M., Peterson, N. J., & Thomas, J. J. (2011). Vitamin D status 
relative to diet, lifestyle, injury, and illness in college athletes. Medicine 
and Science in Sports and Exercise, 43(2), 335-343 
 
42. Lehtonen-Veromaa, M., Mottonen, T., Irjala, K., Karkkainen, M., Lamberg 
	  	  
48	  	  
Allardt, C., Hakola, P., & Viikari, J. (1999). Vitamin D intake is low and 
hypovitaminosis D common in healthy 9- to 15-year-old Finnish girls. 
European Journal of Clinical Nutrition, 53, 746-751. 
43. Rankinen, T., Lyytikainen, S., Vanninen, E., Penttila, I., Rauramaa, R., & 
Uusitupa, M. (1998). Nutritional status of the Finnish elite ski jumpers. 
Medicine & Science in Sports & Exercise, 30(11), 1592-7. 
44. Ziegler, P., Nelson, J. A., Barratt-Fornell, A., Fiveash, L., & Drewnowski, A. 
(2001). Energy and macronutrient intakes of elite figure skaters. Journal 
of the American Dietetic Association, 101(3), 319-325.  
45. Thompson, F. E., & Byers, T. (1994). Dietary Assessment Resource Manual. 
The Journal of Nutrition, 124(11), 2245S-2317S. 
46. Larson-Meyer, D. E., & Willis, K. S. (2010). Vitamin D and Athletes. Current 
Sports Medicine Reports, 9(4), 220-226.  
47. Willis, K. S., Peterson, N. J., & Larson-Meyer, D. E. (2008). Should we be 
concerned about the vitamin D status of athletes? International Journal of 
Sport Nutrition and Exercise Metabolism, 18, 204-224. 
48. Webb, A. R. (2006). Who, what, where and when—influences on cutaneous 
vitamin D synthesis. Progress in Biophysics and Molecular Biology, 
92(1), 17-25. 
49. Kimlin, M. G. (2008). Geographic location and vitamin D synthesis. 
Molecular Aspects of Medicine,29(6), 453–461.  
 
50. Kimlin, M. G., Olds, W. J., & Moore, M. R. (2007). Location and vitamin D 
	  	  
49	  	  
synthesis: is the hypothesis validated by geophysical data? Journal of 
Photochemistry and Photobiology B: Biology, 86(3), 234–239. 
51. Webb, A. R., Kline, L., & Holick, M. F. (1988). Influence of season and 
latitude on the cutaneous synthesis of vitamin D3: exposure to winter 
sunlight in Boston and Edmonton will not promote vitamin D3 synthesis 
in human skin . Journal of Clinical Endocrinology and Metabolism, 67(2), 
373–378. 
52. Lovell, G. (2008). Vitamin D status of females in an elite gymnastics 
program. Clinical Journal of Sport Medicine, 18(2), 159-161. 
53. Craig, W. J. (2010). Nutrition concerns and health effects of vegetarian diets. 
Nutrition in Clinical Practice, 25(6), 613-620.  
54. Chan, J., Jaceldo-Siegl, K., & Fraser, G. E. (2009). Serum 25-hydroxyvitamin 
D status of vegetarians, partial vegetarians, and nonvegetarians: the 
Adventist Health Study. The American Journal of Clinical Nutrition, 
89(5), 1686S-1692S. 
55. Davey, G. K., Spencer, E. A., Appleby, P. N., Allen, N. E., Knox, K. H., & 
Key, T. J. (2002). EPIC–Oxford: lifestyle characteristics and nutrient 
intakes in a cohort of 33 883 meat-eaters and 31 546 non meat-eaters in 
the UK. Public Health Nutrition, 6(3), 259–268. 
56. Batchelor, A. J., & Compston, J. E. (1983). Reduced plasma half-life of radio 
labelled 25-hydroxyvitamin D3 in subjects receiving a high-fibre diet. The 
British Journal of Nutrition, 49(2), 213-216. 
57. Ruohola, J., Laaksi, I., Ylikomi, T., Haataja, R., Mattila, V., Sahi, T., . . . 
	  	  
50	  	  
Pihlajamäki, H. (2008). Association between serum 25(OH)D 
concentrations and bone stress fractures in Finnish young men. Journal of 
Bone and Mineral Research, 21(9), 1483-1438. 
58. Willis, K. S., Broughton, K.S., Larson-Meyer, D.E. (2009). Vitamin D status 
and immune system biomarkers in athletes. Journal of the American 
Dietetic Association, 109(9), A15.  
59. Shindle, M.K., Voos, J.E., Gulotta L., Weiss, L., Rodeo, S., Kelly, B., . . . 
Warren, Russell. (2011). Vitamin D status in a professional American 
football team. Medicine & Science in Sports & Exercise, 43(5), 511. 
60. American College of Sports Medicine, American Dietetic Association, & 
Dietitians of Canada. (2009). Nutrition and athletic performance. Medicine 
& Science in Sports & Exercise, 41(3), 709-731. 
61. Kremer, R., Campbell, P. P., Reinhardt, T., & Gilsanz, V. (2009). Vitamin D 
status in its and its relationship to body fat, final height, and peak bone 
mass in young women. The Journal of Clinical Endocrinology & 
Metabolism, 94(1), 67-73. 
62. Calvo MS, Whiting SJ, Barton CN. Vitamin D fortification in the United 
States and Canada: current status and data needs. Am J Clin Nutr. 
2004;80(6 suppl):1710S–6S. 
63. Ross AC, Taylor CL, Yaktine AL, and Del Valle HB, Editors. Dietary 
Reference Intakes for Calcium and Vitamin D. Washington, DC: Food 








University of Nevada, Las Vegas 
 
Michelle Konstantarakis, RD, LD 
 
Degrees: 
Bachelor of Arts, Psychology, 2007 
University of Nevada Las Vegas 
 
Bachelor of Sciences, Nutrition 2011 
University of Nevada Las Vegas 
 
Thesis Title: Vitamin D Status and Bone Mineral Density in Triathletes 
 
Thesis Examination Committee: 
Chair, Laura Kruskall, PhD, RDN, CSSD, LD, FACSM 
Committee Member, John Young, Ph.D. 
Committee Member, Richard Tandy, Ph.D. 
Graduate College Representative, Sue Schuerman, PT, Ph.D., GCS 
 
